Nutritional and environmental studies on an ocean-going oil tanker. 4. The diet of seamen. Previous reports by Collins and his colleagues (1971a, b) and Eddy, Stock, and Wheeler (1971) have described energy and nutrient balances measured during a voyage of the oil tanker S.S. Esso Newcastle to the Persian Gulf in July and August 1967. This study of the diet of seamen during the voyage describes inter-relationships of the energy-yielding constituents of the diet. particularly the relationship of alcohol to other constituents, and vitamin intakes.
which make provisions for the inspection of ship's provisions and lay down a scale of provisions for the crews of British ships (Department of Trade and Industry, 1965) , and by the food laws and regulations in force at the port where the ship is victualled. A ship victualling at an English port would purchase food which complied with the Food and Drugs Act, and with Regulations and Statutory Instruments made under that Act, but a British ship victualling at a foreign port might obtain food which did not comply with the requirements of British law. Flour and any foods made from flour and sold in the United Kingdom must, in accordance with statutory requirements, attain minimum specifications for certain minerals and vitamins; similarly, British margarine is fortified with vitamins A and D, but there is no guarantee that foods obtained in foreign ports would necessarily comply with these regulations. There are provisions for the inspection of surplus food on board ship by the Inspector of Ship's Provisions but the standard laid down for inspection makes no mention of the vitamin content of margarine and says of flour that the protein content must not be lower than 10-5% and that 'it may be fortified with the additives required by the current "The Bread and Flour Regulations"'. The governments of some other countries, like France, not only do not fortify staple foods in the way that has become customary in Britain, but positively disapprove of such procedures and maintain satisfactory nutrition in respect of vitamins and minerals for their populations by other means.
Methods
The methods used on the voyage have been described in the previous papers of this series. Average intakes of energy and nutrients taken by the whole ship on eight days were supplemented by detailed dietary measurements on three crew members and three medical students who were the subjects of metabolic studies.
Results
The consumption of 15 different groups of foods per man per day with mean intakes of energy and nutrients are shown in Table 1 where they are Drummond and Wilbraham (1958) . Column 4 is from Department of Trade & Industry (1965 There were highly significant differences between the three medical students and the crew subjects and interesting relationships between the energy-yielding constituents.
Protein
The percentage of metabolizable energy attributable to protein in the three crew subjects was 12 1 + 0-6%, significantly lower than the 15 7 ± 0 5y% in the students (P < 0 001). The difference was partly related to alcohol consumption, for the students took less alcohol and Fig. 2 
Alcohol
The percentage of energy attributable to alcohol taken by crew subjects was four times that taken by students. The intakes of the students and one crew subject were consistently below 12 % of total energy; those of the other two crew subjects were consistently above 12% and often above 20%. Only a very small proportion was taken as wine or spirits by the six subjects; practically all was taken as beer.
The variable consumption of alcohol inevitably affected the percentages of energy derived from other energy-yielding constituents, but in different degrees. Figure 1 clearly shows that protein was the least variable, but, even so, as shown above under 'Protein', protein values were slightly lowered by higher alcohol intakes. Figure 2 shows a highly significant relationship between the percentages of energy derived from alcohol and fat. There was no significant correlation between alcohol and carbohydrate. The lower concentrations of fat in the diets of the crew subjects were related to their higher consumption of alcohol.
Similar inverse relationships of alcohol intake to that of other energy-yielding constituents have been observed in French miners in the Loire by Bresard and Gombervaux (1962) , who noted particularly that sugar (sucrose) consumption was lowest among those who had the highest alcohol consumption. The same appears to be true of the six Esso subjects. There was a significant negative correlation, r = -0-64 ± 0-24, P < 0-01, between total three-day energy intake of alcohol and energy intake of 'added' sugar (i.e., sugar added to beverages and sweets or candies) for the six subjects. The French miners took over 1 litre of wine per day, equivalent to more than 2-5 MJ (600 kcal) alcohol; this was about twice that measured for the six subjects in group.bmj.com on April 13, 2017 -Published by http://oem.bmj.com/ Downloaded from towards decreased consumption of fats and protein with increasing intake of alcohol. Bressard and Gombervaux (1962) and Bressard and Chabert (1963) also observed changes in the types of food consumed by heavy drinkers. There was a reduced consumption of milk and they suggested that sweet soft drinks may to some extent act as a substitute for wine. Figure 3 shows that in the six Esso Newcastle subjects there was an inverse relationship between the consumption of alcohol and that of sweet soft drinks and Vitamin intakes Fat-soluble vitamins The intake of the fat-soluble vitamins A and D is shown in Table 4 . Intakes were well above recommended allowances and the national average. As might be expected, the intakes of free vitamin A and vitamin D follow the pattern of fat intake. The student subjects who consumed more fat than the crew subjects also consumed more free vitamin A and vitamin D. Free vitamin A consumption by the three students was 1076 ,ug + 0-145 S.E., that of the three crew subjects was 655 74 ,ug; similarly, consumption of vitamin D was, students 9-6 ± 1-7 ,ug, and crew 5 2 0 5 pg. Table 5 shows estimated intakes of thiamine, riboflavine, and niacin computed from food tables. Thiamine is not concerned in the metabolism of alcohol and this vitamin has been related to non-alcoholic energy intakes. The vitamin intakes from beer and ship's food are shown separately in Table 6 . The consumption of beer was very variable but it was a substantial source of riboflavine and niacin.
Niacin As the protein value of the diet was high, the niacin equivalent of the diet was also high. The average intake was more than twice recommended allowances of 6-6 mg/1000 kcal (4-186 MJ)-in 56 subject days the intake never fell below 9 mg/1000 kcal (4-186 MJ).
Riboflavine During the voyage the only consistent and significant change in intake in 15 'food-groups' other than changes attributable to the caprices of personal taste, was the reduction in consumption of 'liquid' milk; that is milk consumed as a drink either by itself or in a beverage such as tea. For the whole ship the consumption of 148 g/head/day on the third and tenth days of the voyage was reduced by more than half to 44 g/head/day on the twenty-second to thirtieth day of the voyage. For the six subjects at successive periods milk consumption was 125 g/ head/day on the third to fifth days of the voyage, 41 g on the fifteenth to seventeenth days and 18 g on the twenty-sixth to thirtieth days. The reduction in the consumption by the six subjects was the more remarkable in that one subject was not an habitual drinker of milk and his only recorded intake of milk Though it is proper to assess the diet as it was consumed, and this assessment shows that thiamine intake was adequate, it is also advisable to consider what might happen if the consumption of alcohol were to be restricted. The energy intakes of the six subjects described by Eddy et al. (1971) were not excessive and for the crew subjects intake balanced expenditure. If, therefore, the intake of alcohol were to be reduced for any reason, its energy value would have been replaced and to a considerable extent the replacement would be by sweet soft drinks and fat. It is not likely that such a replacement would have a high thiamine content, while any increase in sugar would impose an extra requirement. Relating thiamine values, using unfortified Italian flour, to total energy, the mean daily intake for the six subjects was 0-48 mg/1000 kcal (4.186 MJ). This is not a deficient diet and there is no risk of deficiency in these six subjects whose mean energy intakes were 12-6 MJ (3000 kcal) per day, the requirements for moderately active young men. However, with the exception of F, whose average intake was 14-4 MJ (3440 kcal)/day and amounted to over 16-7 MJ (4000 kcal)/day over one three-day test, the intakes of the six subjects were much less than the mean intake of approximately 15 MJ (3600 kcal)/day for the whole ship. Figure 4 shows that with increasing energy intake the value of thiamine per unit of energy in the diet was reduced and with intakes exceeding 14-7 MJ (3500 kcal) the thiamine intake would tend to fall below the recommended intake of 0-4 mg/1000 kcal (4-186 MJ).
As requirements of thiamine are related particularly to dietary carbohydrate, Fig. 5 relates thiamine intake to energy derived from carbohydrate. If 50 % of energy intake were to be derived from carbohydrate (about the proportion generally found in British diets), Fig. 5 shows that thiamine would fall below the recommended allowance (2 x 4 mg/1000 carbohydrate kcal or 4-186 MJ) at 7-5 carbohydrate MJ (1800 kcal) = 15 total MJ (3600 kcal), i.e., the energy requirement for the whole ship. In the statutory scale of provisions shown in Table 1 , 54% of energy is derived from carbohydrates and about one quarter of the total energy provision is from bread. White unfortified bread in such a diet would result in a very low thiamine intake. High-energy expenditures may be called for in some kinds of work at sea. and energy expenditures in such forms of seafaring as deep sea fishing or whaling may be very high. In a tanker or any other ship there may be prolonged demands for highenergy expenditures in emergencies and the crew as a whole might be called upon to be very active. Intakes of over 4000 calories/day are conceivable. Isaksson (1969) , in a description of the diet in Swedish ships, gives a consumption, obtained from 24-hour dietary recall from 10 officers and 9 crew, of 14-7 MJ (3500 kcal)/day (approximately the same as the average consumption on the Esso Newcastle). The intake of several men was over 16-7 MJ (4000 kcal)/day and that of two men was over 20-8 MJ (5000 kcal)/day.
An investigation of energy expenditures by Russian seamen in refrigerated trawlers working in the North Atlantic gave values of 17-3-30-3 MJ (4136-7238 kcal)/day (Bondarev, Zinoviev, Nepoklonov, and Enclovickaja, 1964) . These values were based on indirectcalorimetryusing a Douglas bag. The highest expenditures were recorded in men working in refrigerated holds. A normal allowance of 4000 calories was recommended, rising to 5500 calories when there was full work on fish handling. These calorie expenditures appear to be exceedingly high. The vitamin metabolism of the Russian seamen was also investigated and a supplement of thiamine and ascorbic acid was recommended.
Investigations which included measurements of urinary excretion of vitamin C, thiamine, riboflavine, and niacin were also made on Russians working in fish-processing factory ships in the North Atlantic by Bondarev and his colleagues (1963) , who concluded that the diet was lacking in ascorbic acid and thiamine. They recommended supplements of 5 mg thiamine. If energy expenditures in these especially cold conditions reached these very high values, thiamine supplementation (or fortification of flour) would certainly be needed if a low extraction flour were used.
Ascorbic acid The ship's total intake of ascorbic acid during five days in the middle of the voyage is shown in Table 8 . The mean intake of the whole ship 
